Objectives: To determine the incidence and rates of progression of gingivitis and periodontitis in Labrador retrievers.
INTRODUCTION
Periodontal disease is the most widespread oral disease in dogs. Prevalence estimates of 44% to 100% have been reported (Hamp et al. 1984 , Hoffman & Gaengler 1996 , Butković et al. 2001 , Kyllar & Witter 2005 , Kortegaard et al. 2008 . The aetiological agent of periodontal disease is dental plaque; enzymes secreted by plaque bacteria, as well as bacterial antigens, are thought to activate the host inflammatory response initiating the disease.
The initial stage of periodontal disease -gingivitis -is clinically observed as red and inflamed gums. In the absence of treatment to remove the plaque biofilm, gingivitis may progress to periodontitis. Periodontitis onset is characterised by destruction of the tissues that support the tooth. Early periodontitis is defined as less than 25% attachment loss (Wiggs & Lobprise 1997) . In this early stage, the disease can be controlled by professional dental cleanings, to remove plaque and calculus, combined with an effective home plaque control programme. However, in the absence of an effective intervention, advanced periodontitis can develop (>50% attachment loss), which is likely to result in chronic pain and, ultimately, tooth loss.
There is epidemiological evidence to suggest that disease incidence and severity increases with age (Hamp et al. 1984 , Hoffman & Gaengler 1996 , Kortegaard et al. 2008 , Marshall et al. 2014 . A higher prevalence, as well as more severe forms, of periodontitis have been noted in smaller breeds of dog in comparison to larger breeds (Hamp et al. 1984 , Harvey et al. 1994 , Kyllar & Witter 2005 . There is a paucity of information regarding the prevalence and manifestation of periodontitis in different breeds of dogs. Understanding which breeds and teeth are most at risk of developing periodontal disease will enable veterinarians to provide individualised treatment and prevention strategies. Therefore, the aim of this study was to determine the incidence and rates of progression of periodontal disease in a specific breed, the Labrador retriever.
MATERIALS AND METHODS

Study cohort
Fifty-three Labrador retrievers (from 19 litters) with an average age of 2•9 years (range 1•1 to 5•9 years) and an average bodyweight of 28•1 kg (range 21•7 kg to 36•6 kg) were recruited to participate in this study. This was the number of dogs available for this study and no applicable data were available at the time of the study with which to perform a sample size calculation. However, a retrospective power analysis indicated that with this number of dogs the following could be detected with at least 80% power: (1) an increase in the average mouth gingivitis score of 0•45 with every year increase in age, (2) an increase in the average tooth, and aspect, gingivitis score of 0•06 with every year increase in age, (3) the odds of a dog having a periodontitis score of 2•4 with every year increase in age, (4) the odds of a tooth having a periodontitis score of 2 with every year increase in age, (5) a difference in the odds of the periodontitis score of 2•63 between tooth types. There were 28 female and 25 male dogs. Five female dogs were entire whilst all other dogs were neutered. The dogs were housed in pairs at the WALTHAM Centre for Pet Nutrition in environmentally enriched kennels and provided with a comprehensive dog-dog and dog-human socialisation programme adjusted to the needs of individual dogs.
All dogs received a pre-study veterinary examination to ensure suitability for trial. This included a physical examination, routine blood analysis a minimum of 7 days before each dental examination and an assessment of the dog's veterinary history. Routine veterinary care was permitted throughout the study as required; on occasions, this included administration of antibiotics and anti-inflammatory medications. Records of these and other veterinary treatments were maintained for each dog. A total of 28 dogs received topical or oral antibiotics or anti-inflammatory medication in the 8 weeks preceding each clinical examination; this occurred on 15•9% of occasions. Before the trial, dogs were routinely assessed every 6 months for severity of gingivitis and calculus; if deemed necessary by the veterinary team they received dental scaling and polishing. Eight dogs received a scale and polish (intervention) in 2 years preceding the start of the study. These dogs ranged in age from 6 months to 5•4 years and the reasons for intervention included extraction of persistent deciduous teeth, tooth fracture or advanced gingivitis combined with calculus deposits. Dogs did not receive tooth brushing or dental treats during the trial.
Dogs were routinely maintained on commercially available dry diets, which conformed to the National Research Council Nutrient Guidelines 2006 (National Research Council 2006) . Dogs were fed according to their individual energy requirement to maintain bodyweight. During the study, some dogs participated in concurrent nutritional research studies and on occasion were fed non-dry diets that were either a mixture of dry and wet, dry soaked in water, or a solus wet diet. Across all of the dogs, 75•5% of the feeding events were on a solus dry diet and 24•5% were on a non-dry diet (Fig S1, Supporting Information) .
This study was approved by the WALTHAM Animal Welfare and Ethical Review Body (AWERB) and run under licensed authority in accordance with the UK Animals (Scientific Procedures) Act 1986.
Dental assessment procedures
The periodontal health status of each dog was assessed every 6 months (±2 months) for up to 2 years. All dental assessments were performed under general anaesthesia. Dogs were fasted overnight and then, following a premedication of 0•05 mg/kg acepromazine and 0•02 mg/kg buprenorphine, general anaesthesia was induced by an injection of 4 mg/kg propofol via an intravenous catheter. Gaseous anaesthesia was maintained with oxygen and isoflurane via a cuffed endotracheal tube.
Six people performed the dental scoring assessments. The scorers were all trained by a recognised European Specialist in Veterinary Dentistry (Lisa Milella, The Veterinary Dental Surgery) and then calibrated 2 weeks before the start of the trial to ensure consistency between scorers. To ensure uniformity in clinical scoring throughout the trial, all scorers were reassessed at approximately 6-monthly intervals. In addition, dogs were assessed by the same scorer throughout the trial whenever possible, with a small number (7•4%) of unavoidable exceptions.
All teeth were scored individually at each assessment. Each measurement was taken at the gingival margin using a periodontal probe. A gingivitis score between 0 and 4 was recorded for the mesial, mid-buccal, distal and palatal/lingual aspects of each tooth using a modified combination of the gingival index and sulcus bleeding index (SBI) (Wiggs & Lobprise 1997) (Table 1) . Periodontitis was assessed by measuring probing depth, gingival recession, furcation exposure and the stage of periodontitis determined according to the criteria outlined in Table 2 . Probing depth was measured from the gingival margin to the bottom of the periodontal pocket using the graduations of a periodontal probe. Gingival recession was measured from the cementoenamel junction to the gingival margin. Total attachment loss was calculated as the sum of the gingival recession and the periodontal probing depth, in accordance with established protocols (Harvey et al. 1994 , Gorrel 2004 . In this study, total attachment loss was the result of an increase in probing depth with the exception of four incidences of gingival recession. No evidence of furcation exposure or gingival hyperplasia was observed during the study. According to the American Veterinary Dental College (AVDC) nomenclature, early periodontitis (<25% attachment loss) equates to stage 2 (PD2), moderate periodontitis (25 to 50% attachment loss) to stage 3 (PD3) and advanced periodontitis stage 4 (PD4) (Wolf et al. 2005) . Even if periodontitis was only detected on a single tooth aspect, the whole tooth was classified as having periodontitis. A requirement of the AWERB was that if periodontitis was identified, the tooth was treated and then no longer included in the study. The teeth were scaled, if required, and polished at the time of periodontitis identification and at every subsequent assessment. A further predefined requirement of AWERB was that if 12 or more teeth reached periodontitis, the dog would be removed from the trial. In this trial, the maximum number of teeth that a dog had with early periodontitis was 10, and none of the dogs developed moderate or advanced periodontitis; therefore, it was not necessary to remove any dogs from the trial.
Statistical analyses
All statistical analyses were performed in R statistical software version 3.1.1 (R Core Team 2017) using the lme4 (Bates et al. 2015) , multcomp (Hothorn et al. 2008) and ggplot2 (Wickham 2009 ) packages.
Measures of severity for periodontitis and gingivitis were established by aspect of the tooth, the tooth itself and the dog. Aspect measures were the raw periodontitis scores (0/1) and gingivitis scores (0, 1, 2, 3, 4) for each aspect. Tooth measures were maximum periodontitis score and mean gingivitis score across the aspects of each tooth. Dog measures were proportion of teeth with periodontitis and mean of the tooth gingivitis scores across all teeth. Summarising the gingivitis scores with means makes the assumption that this is a linear scale.
These measures were modelled using mixed effects methodology to account for dependence within animal, with dog as the random intercept and age as the random slope. Gingivitis measures were fit as the response in linear mixed models (LMM) and periodontitis measures were fit as the response in binomial generalised linear mixed models (GLMM). The models included fixed effects (Table 3 ) and the following interactions: all two-way interactions involving age, and all two-way combinations of diet, tooth type and aspect type. Models for measures summarised by tooth did not include any aspect fixed effects. Models for measures summarised by dog did not include any aspect or tooth type fixed effects.
For each model, likelihood ratio tests were used to assess the significance of variables (Table 3 ) and all interactions. Non-significant variables were removed from the models. The interactions were tested for significance first. Main effects (Table 3) were not removed from the model if an interaction containing them was retained.
As described above, when any of the aspects of a tooth progressed to periodontitis, the tooth was no longer included in the study. As a result, some of the aspects did not have the opportunity to progress to periodontitis so the data were heavily censored. Also, the proportion of aspects that developed periodontitis was very small, even zero for some aspects in some tooth types. As a result, a model was not fit and only data summaries presented.
Additionally a binomial GLMM was fit, modelling the cumulative proportion of teeth in a dog's mouth with periodontitis against age, mean gingivitis and their interaction, and intervention as the fixed effects. Dog was the random intercept with age as the random slope.
A 5% test level (P<0•05) was used throughout and results are presented as means with 95% confidence intervals.
RESULTS
Number of assessments
The number of dogs, teeth and aspects assessed at each measurement are reported in Table 4 . Twenty-one dogs (39•6%) were assessed at all five time points over the course of the 2-year study. A number of dogs were not assessed at every time point due to being re-homed, participation in alternative studies, pregnancy or illness. In total, 20 dogs (37•7%) were assessed at four time points, four dogs (7•5%) at three time points, three dogs (5•7%) on two time points and five dogs (9•4%) were only assessed at the first time point. Data were missing for 23 aspects (six dogs) at the baseline measure: Two were missing at random, either because the tooth was not clinically scored or the data were not recorded. The remaining 21 were missing because, due to the small size of the maxillary second molar, only the deepest probing depth was recorded rather than all four aspects. For subsequent time points (6 to 24 months), a single score was also given to the second maxillary molar resulting in the absence of data for a further 915 aspects.
Periodontal health status at start of study All of the dogs had a minimum of 39 teeth when they joined the trial. All dogs had gingivitis at the initial assessment, with 47 of the dogs (89•0%) having gingivitis present on every tooth. Of the six dogs that had some, but not all, teeth scored as healthy (G0) around the whole gingival margin, one dog had 14 healthy teeth, one had 12 healthy teeth, another had four healthy teeth and the final three dogs each had one healthy tooth.
Of the 8653 aspects measured at the initial assessment, 504 (5•8%) were classified as healthy (G0), 5557 (64•2%) had very mild gingivitis (G1), 2013 (23•3%) had mild gingivitis (G2) and 579 (6•7%) had moderate gingivitis (G3). No aspects were classified as having severe gingivitis (G4). The palatal/lingual aspect of the teeth was most likely to show bleeding gingiva when probed; 1360 (63•0%) aspects had mild or moderate (G2/G3) gingivitis compared to 404 (18•6%), 358 (16•6%) and 470 (21•7%) for the mesial, mid-buccal and distal aspects, respectively (Fig 1) .
Three dogs began the trial with one tooth each affected by periodontitis; two were aged 1•9 years and the third was 2•3 years old. The three teeth identified as having periodontitis at the start of the study were a mandibular canine, and two mandibular fourth premolars.
Progression of gingivitis
The mean gingivitis score ±standard deviation was 1•31 ±0•23 at the first measurement and increased to 1•56 ±0•26 at the final measurement. This was a 25% increase in the mean gingivitis score over the course of the 2-year study.
Statistical analysis, including age and diet as variables, showed that with every year increase in age there was a significant increase of 0•11 (95% confidence interval ( 
Gingivitis and tooth type
The final statistical model used to investigate the relationship between tooth type and gingivitis included three variables (age, tooth type and diet) and the interaction between age and diet. There was an increase in mean gingivitis score with age for all tooth types both on dry and non-dry diets. The premolars had the fastest rate of progression compared to the canines (P<0•0001) and the molars (P=0•029) but were not significantly different from the incisors (P=0•44; Fig 3) . The average gingivitis score for the premolars increased by 0•14 (0•10, 0•18) with every year increase in age. The canines had the slowest rate of gingivitis progression (comparison to incisors and molars P<0•0001 and P=0•005, respectively) with a year's increase in age associated with an estimated increase in gingivitis score of 0•08 (0•04, 0•13). The rate of gingivitis progression was not significantly different for the incisors and molars (P=0•58). At the average age of the dogs on trial (191 weeks, 3•7 years), the molars had significantly higher gingivitis scores than all other tooth types on both dry and non-dry diets (all comparisons P<0•0001).
Gingivitis scores were lower for all teeth when dogs were fed a dry diet rather than a non-dry diet. The estimated differences in gingivitis score for the incisors at 191 weeks of age were 0 Gingivitis and tooth aspect The final statistical model included age, tooth type, aspect type, diet, age by tooth type, age by aspect type, tooth type by aspect type and tooth type by diet. Exploration of the association between aspect and gingivitis score using this model showed that the mean gingivitis score increased with age on every aspect of every tooth type on both dry and non-dry diets (Fig 4) . The mesial aspect of the premolars had the fastest rate of gingivitis progression as age increased, with the mean gingivitis score estimated to increase by 0•16 (0•12, 0•21) for every year increase in age. The buccal aspect of the canines had the slowest rate of gingivitis progression with an estimated increase in mean gingivitis score of 0•052 (0•004, 0•099) for every year increase in age.
At the average age of dogs on trial, gingivitis was significantly more severe on the palatal/lingual aspect of all tooth types compared to the distal, buccal and mesial aspects (P<0•0001 for 
Incidence of periodontitis
Thirty of the dogs (56•6%) were observed to have periodontitis in one or more teeth over the course of the study. Of the 2169 teeth that entered the study, a total of 124 (5•7%) had periodontitis over the 2-year period.
The proportion of teeth in the mouth with periodontitis was explored and the final model only had one variable (age in weeks). This model showed a significant correlation between the proportion of teeth with periodontitis and age (P<0•0001; Fig 5) . The odds of periodontitis was 3•38 (2•40, 4•75) for every year increase in age. The statistical model estimated that at 2 years of age (104 weeks), the percentage of teeth with periodontitis was 0•05% (0•009, 0•31) and at 8 years of age was 44•2% (17•1, 75•3).
Incidence of periodontitis by tooth type Investigation of the incidence of periodontitis by tooth type showed that 86 of the 121 teeth (71•1%) that developed periodontitis were incisors. During the course of the 2-year study, 15% of the 572 incisors assessed developed periodontitis. The most affected were the first and second incisors followed by the third incisors (Fig 6) . The next most likely teeth to develop periodontitis were the premolars; 17 of the 121 (14•1%) teeth that developed periodontitis during the course of the study were pre- molars. A total of 2•4% of the 722 premolars assessed developed periodontitis in 2 years. Nine of the 121 teeth that developed periodontitis were canines (7•4%) and nine were molars (7•4%). In total, 4•8% of the 189 canines assessed developed periodontitis and 1•9% of 479 molars. With respect to premolars and molars, the most likely teeth to develop periodontitis were the fourth premolars (12•4%) and first molars (6•6%). Periodontitis did not develop in the first and second premolars and there were only two instances of periodontitis in the third premolar (1•7%). None of the third molars developed periodontitis and only one second molar developed the disease (0•8%). Due to the small number of teeth that progressed to periodontitis, it was not possible to statistically determine whether the maxillary or mandibular teeth were more affected.
Investigation of the incidence of periodontitis by tooth type showed a significant interaction between age and diet (P=0•014) and a significant effect of tooth type (P<0•0001). There was a 2•31 (1•59, 3•36) fold increase in the odds of a tooth with periodontitis for every year increase in age when dogs were fed a dry diet. This was significantly less (P=0•003) when dogs were fed a non-dry diet with an odds of 1•27 (0•81, 1•99) (Fig 7) . At 2 years of age (104 weeks), the probability of periodontitis when fed a non-dry diet was significantly higher than when fed a dry diet (P<0•0001) with an odds ratio of 6•86 (2•80, 16•82). However at 6 years of age (312 weeks), the probability of periodontitis did not significantly differ between diets (P=0•364).
At the average age of dogs on the trial (191 weeks), the probability of the incisors developing periodontitis was significantly higher compared to the canines (P=0 Incidence of periodontitis by tooth aspect Over the course of the 2-year study, 127 of the 8659 aspects (1•5%) measured progressed to periodontitis. There were five occurrences where more than one aspect progressed on a tooth. The proportion of aspects that would have developed periodontitis is likely to be an underestimate as teeth were removed from trial once one or more aspects had developed periodontitis. The palatal/lingual aspect of the incisors had the greatest probability of developing periodontitis first (2•78%; Fig 8) . The next aspects most likely to develop periodontitis were the distal aspect of the canines (0•61%), the distal (0•51%) and mesial (0•46%) aspects of the incisors and the palatal/lingual aspect of the premolars (0•45%). Statistical comparison of the probability of an aspect developing periodontitis was not possible given the small number of teeth that progressed to periodontitis.
Relationship between gingivitis and periodontitis
The statistical model, with age and mean gingivitis as the variables, showed a positive relationship between the proportion of teeth with periodontitis and gingivitis. For every unit increase in mean gingivitis, there was an increased odds of 12•5 (2•5, 62•5) in the proportion of teeth with periodontitis. There was also a positive relationship between the proportion of teeth with periodontitis and age with an odds ratio of 2•39 (1•70, 3•37) for every year increase in age. If we consider the age of dogs on this trial, which ranged from 56 to 407 weeks (1•1 to 7•8 years), then it was estimated that the fold change in the proportion of teeth with periodontitis was 363 (27, 4930) . Likewise, if we bear in mind the change in mean gingivitis score over the course of the study, which ranged from 0•47 to 2•15, then the estimated fold change in the proportion of teeth with periodontitis was 70 (5, 909).
DISCUSSION
This study describes the prevalence of gingivitis and periodontitis in 53 Labrador retrievers based on full mouth examinations under anaesthesia over a period of up to 24 months. The dogs, aged between 1•1 and 5•9 years at the start of the study, all had gingivitis at the baseline measurement with 89% having gingivitis on every tooth. This finding is consistent with a study of miniature schnauzers in which all dogs were reported to have gingivitis at their first assessment following removal of their tooth brushing regime (Marshall et al. 2014) . Other studies have also reported that gingivitis develops rapidly in the absence of an effective oral hygiene regime (Lindhe et al. 1975) . The majority of aspects had mild gingivitis (87•5% of aspects were G1/G2) and the palatal/lingual aspect was most likely to bleed on probing (63•0% of aspects were G2/G3). The average gingivitis score increased by 24% over the 2-year period, which concurs with a study that showed a significant increase in gingival index with age (Harvey et al. 1994) .
During this study, 30 dogs (56•6%) were observed to have periodontitis in one or more teeth and dogs as young as 1•9 years were affected. We believe the prevalence of disease observed in these Labrador retrievers is representative of the general population. The study had sufficient statistical power, and the dogs were within a normal weight range and were deemed healthy by a veterinarian. Although prevalence estimates of periodontitis vary considerably, due to differences in the populations studied and the methods used to define periodontal disease, the percentage of dogs in this study diagnosed with periodontitis were within the ranges described in previous publications. For example, radiological examination of 259 purebred and mixed breed dogs, aged 7 months to 15 years, resulted in 44% being diagnosed with periodontitis (Butković et al. 2001) . A radiological investigation of 162 randomly selected dogs, aged 7 months to 14 years, observed periodontitis in 63•3% of the dogs (Hamp et al. 1984) . Analysis of 1350 records, collected whilst dogs were under anaesthesia at veterinary hospitals in the USA and Canada, resulted in 769 dogs (56•9%) being presented for treatment of periodontal disease (Harvey et al. 1994) . Furthermore, a retrospective study of 408 dogs, presented at a private Czech urban veterinary hospital, identified 60•8% with periodontitis (Kyllar & Witter 2005) . Higher levels were observed in a study of 123 poodles, aged 2 to more than 12 years, where 90% of dogs under 4 years and 100% of dogs older than 4 years had at least one tooth with periodontitis (Hoffman & Gaengler 1996) . Similarly, in a longitudinal study of miniature schnauzers, 98% of dogs developed periodontitis within a year of stopping tooth brushing (Marshall et al. 2014) . The disparity between studies in the prevalence of canine periodontal disease highlights the need for a standardised scoring system. The stages of periodontal disease defined by the AVDC are descriptive and only give an indication of the level of disease. In this study, we therefore defined probing depths for each of the stages of periodontitis in conjunction with a European Diplomat in Veterinary Dentistry. The definition used for periodontitis was clinical attachment loss, on one or more aspects of the tooth, as measured using a periodontal probe. These probing depths were based on the estimated root length of an average Labrador retriever tooth and may not be accurate for every tooth. Indeed, the clinical effect may differ depending on the tooth affected.
The number of teeth that developed periodontitis in this 2-year study of Labrador retrievers was much lower (5•7%) than that observed in a 1-year study of miniature schnauzers (28•3%) (Marshall et al. 2014) . This is supported by a number of investigations, which have shown that gingival inflammation, furcation exposure and attachment loss are more common in small dogs compared with larger dogs (Hamp et al. 1984 , Harvey et al. 1994 , Butković et al. 2001 , Kyllar & Witter 2005 . Differences in the prevalence of periodontal disease have also been reported between poodles and German shepherd dogs (Hamp et al. 1984) . These breed differences could be due to modifiable factors such as nutrition or oral care regime, or non-modifiable factors such as genetics (Gorrel 2004 , Van Dyke & Sheilesh 2005 , Harvey 1998 ).
There was a significant positive correlation between the proportion of periodontitis teeth and the age of the Labrador retrievers. This finding agrees with other epidemiological studies, which showed an increased prevalence and severity of periodontitis with age (Hamp et al. 1984 , Isogai et al. 1989 , Harvey et al. 1994 , Hoffman & Gaengler 1996 , Butković et al. 2001 , Kortegaard et al. 2008 .
In Labrador retrievers, the first teeth to develop periodontitis were the incisors (71% of the teeth that developed periodontitis) followed by the premolars (14%, of which 12•4% were the fourth premolar), and then the canines and molars (both 7•4%, of which 6•6% were the first molars). These findings agree with a study of miniature schnauzers, which showed that periodontitis develops first on the incisors, followed by the fourth premolars and first molars (Marshall et al. 2014) . This pattern was more pronounced in the mandibular teeth than the maxillary teeth. Several other studies have reported a higher prevalence, and more severe attachment loss, in relation to the fourth premolar and first molar (Sorenson et al. 1980 , Isogai et al. 1989 , Harvey et al. 1994 , Butković et al. 2001 ). However, a study of poodles reported the canines as having the highest frequency of periodontitis followed by the maxillary fourth premolars and the mandibular first molars (Hoffman & Gaengler 1996) . A full-mouth examination of 96 beagle dogs showed that the teeth most susceptible to clinical attachment loss were the maxillary second, third and fourth premolars and those most prone to deep pocket formation (≥4 mm) were the maxillary canines (Kortegaard et al. 2008) . In contrast, Labrador retrievers had a higher prevalence of periodontitis on the mandibular fourth premolars (11 teeth) and mandibular first molars (five teeth) compared to their maxillary counterparts (six fourth premolars and three first molars).
In Labrador retrievers, gingivitis was most severe on the palatal/lingual aspect of all tooth types and this was particularly pronounced on the incisors and premolars. The palatal/lingual aspect of the incisors was also where the majority of periodontitis was found. This concurs with the study of miniature schnauzers where periodontal disease was observed most frequently on the palatal/lingual aspect of the incisors. This, however, is in contrast to other studies, which showed that the buccal side of the teeth was affected more severely than the palatal/lingual aspect (Sorenson et al. 1980 , Kyllar & Witter 2005 . There is agreement across studies that the fourth premolar and first molar are often affected by periodontitis. The published literature does not always indicate whether the mandibular or maxillary teeth are most affected. Discrepancies exist with respect to the prevalence of periodontitis on the canines and incisors and in terms of the aspect most affected. This may be due to breed differences in disease manifestation but alternatively it could also be due to differences in other factors such as age of cohorts, criteria used to define the extent of disease, which teeth are examined, extent to which diet is considered and geographical location.
Labrador retrievers fed a dry diet had significantly lower gingivitis scores than those fed a non-dry diet. However, the gingivitis score increased with age on every aspect of every tooth type on both the dry and non-dry diets. The association between diet and periodontitis was less clear in that there was a significant interaction between age and diet. Young dogs (2 years) had a significantly higher probability of periodontitis on a non-dry diet but there was not a significant difference between diets by 6 years of age. Feeding dry pet food to dogs has previously been shown to have a beneficial effect on the oral health index of dogs (dental deposits, size of lymph nodes and gingival health) (Gawor et al. 2006 , Buckley et al. 2011 . Other studies have shown no correlation between dietary conditions and the incidence of periodontal disease (Hoffman & Gaengler 1996) . It is, however, conceivable that the abrasive action of dry diets is likely to result in an overall reduction of gingivitis in the mouth. It is not clear though as to why diets may have a different impact on periodontitis depending on the age of the dog. It is possible that dogs chew less as they get older or as the number of periodontitis teeth in the mouth increases. It is also plausible that the force they apply to the kibble reduces with age resulting in less pressure on the periodontal ligament and consequently reduced salivary flow rate (Inui 2015) .
While all dogs had gingivitis at the start of the study not all developed periodontitis. Furthermore, of the 30 dogs that developed periodontitis, the number of teeth affected varied (range one to 10). Even dogs from the same litter showed differences in their susceptibility to periodontitis. The Labrador retrievers in the current study were from 19 litters and there were six litters represented by more than two individuals. In one litter of eight dogs, 12•5% developed periodontitis whereas in another litter of five dogs, 100% developed periodontitis with the other four litters falling within this range. Variability of disease frequency and severity has also been reported in other studies of dogs of a single breed when looking at the same age range (Hoffman & Gaengler 1996 , Kortegaard et al. 2008 . Irrespective of these findings, overall the probability of a tooth developing periodontitis was found to increase as gingivitis worsened and as the age of the dogs increased. However, consistent with other studies, gingivitis does not always progress to periodontitis if left untreated (Harvey 2005 , Albuquerque et al. 2012 .
This longitudinal assessment of Labrador retrievers describes the prevalence of gingivitis and periodontitis in different tooth types and contributes towards our understanding of periodontal disease in different dog breeds. All dogs had some level of gingivitis in the absence of an oral care regime and this became more severe with increasing age. Over 2 years of age, 56•6% of dogs developed periodontitis and even dogs as young as 1•9 years were affected. The probability of developing periodontitis increased with age and as gingivitis became more severe. Our data suggest that particular attention should be paid to the palatal/lingual aspect of the incisors, the fourth premolar and first molar of Labrador retrievers. These regions of the mouth are difficult to access when performing an assessment of conscious dogs through lifting the lips. It also highlights that periodontal disease is likely to be under-diagnosed. Regular assessments by a qualified veterinarian are recommended as a preventive measure to reduce periodontal disease and other oral health conditions. All dogs should undergo a regular oral care regime but the frequency required may vary depending on the individual, breed and age of the dog. There are several ways of maintaining clinically healthy gums, which include tooth brushing, dental diets, oral care chews, oral rinses, water additives and gels.
